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摘要 
超交联微孔聚合物材料具有高的比表面积、低的骨架密度、大的孔体积、高
的化学和热稳定性以及其易于功能化等特点，所以在气体存储和分离、催化、传
感等领域具有广阔的应用前景。近年来，超交联聚合物材料的制备得到了飞速的
发展，但是其规模化和结构可控制备仍然是制约超交联聚合物材料发展的一个重
要因素。因此，本论文围绕超交联微孔聚合物的低成本制备及其应用展开了一系
列的研究工作。本论文中，我们主要制备和合成了沥青基超交联微孔聚合物材料、
羰基编织的超交联微孔聚合物材料和双马来酰亚胺基超交联聚合物材料，并研究
了超交联微孔聚合物材料在气体储存和分离等方面的应用，主要内容如下： 
（1）利用廉价的沥青和煤焦油为构筑单元，通过傅克烷基化反应成功地制
备了沥青基超交联微孔聚合物材料。沥青和煤焦油是石油工业和煤焦化工业大宗
的副产物，以它们作为构筑单元能极大地降低成本，且本实验中，氯仿既做溶剂
又做交联剂，简化了操作步骤，有利于此方法的工业化。通过傅里叶红外光谱、
固体核磁谱、粉末 X 射线衍射、场发射扫描电镜和高分辨透射电镜以及 N2 吸附
-脱附曲线测试等手段对该系列超交联微孔聚合物进行了表征。其 BET 比表面积
可达到 1337 m2 g-1，对 CO2 和 H2 的最高吸附量分别为 17.74 wt%（273 K/1.0 bar）
和 1.83 wt%（77 K/1.13 bar）。室温下，该聚合物具有较高的有机蒸气吸附能力
（环己烷：1115 mg g−1；乙酸乙酯：685 mg g−1；甲醇：1198 mg g−1；和苯：890 
mg g
−1）。除此之外，该材料具有较高的化学稳定性和环境稳定性。因此，沥青
基超交联微孔聚合物材料具有成本低、比表面积高、化学和热稳定性好以及气体
吸附量高等综合性能，是一类极具应用前景的 CO2 捕获材料和 H2储存材料。 
（2）利用甲苯、萘、煤焦油、煤沥青和三苯基苯作为起始原料，在路易斯
酸 AlCl3 的催化作用下，与三光气发生傅克羰基化反应。通过选用不同的芳环与
三光气反应，证明了羰基对多环芳烃的钝化作用较弱，所以可以利用羰基编织多
环芳烃制备超交联微孔聚合物材料。通过傅里叶红外光谱、N2 吸附-脱附等温测
试和气体吸附性能测试表征了羰基编织的超交联微孔聚合物材料，并且测试了碳
化后材料的电化学性能。一系列分析测试表明，羰基编织的超交联微孔聚合物材
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料的比表面积高达 1357 m2 g-1，同时具有较高的气体吸附性能（CO2：15.86 wt%，
273 K/1.0 bar；H2：1.57 wt%，77 K/1.13 bar）。因为聚合物中引入了大量的氧原
子，能为电极材料提供赝电容，该聚合物经过碳化后制备的电极材料的电容量达
到 409 F/g。因此，羰基编织的超交联聚合物材料具有合成方法简单、成本低、
比表面积高和气体吸附性能好等优点，在气体储存以及制备超级电容器电极材料
等方面具有潜在应用价值。 
（3）以双马来酰亚胺和二乙烯基苯为构筑单元，在偶氮二异丁腈（AIBN）
的引发作用下，发生自由基共聚合制备了一系列双马来酰亚胺基的超交联聚合物
材料。本研究中，AIBN 的用量仅为单体用量的 1 mol%，极大的简化了后处理过
程；由于双马来酰亚胺和二乙烯基苯单体的极性相反，具有发生交替聚合的趋势，
元素分析证明了聚合物的交替结构。通过红外、固体核磁谱图、热分析、元素分
析和 N2 吸附-脱附测试方法表征了所制备的超交联聚合物。结果表明，双马来酰
亚胺基超交联聚合物材料的 BET 比表面积能达到 841 m2 g-1，同时因为双马来酰
亚胺中含有的 N 杂原子增强了聚合物和 CO2分子之间的相互作用，所以其具有
优异的 CO2 和 H2 吸附性能，其 CO2/N2 吸附选择性能高达 51.02/1。所以，通过
温和的自由基聚合制备了分子结构可控，并且具有较高比表面积和 CO2/N2 吸附
选择性能的超交联聚合物材料，其在气体储存和分离等方面具有广泛的应用前景。 
 
关键词：超交联聚合物；傅克反应；自由基聚合
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Abstract 
Hyper-cross-linked microporous polymers (HCPs) with high specific surface 
areas, low skeleton density, large pore volume, excellent chemical and environmental 
stability and flexibility of design and functional, have potential application in the 
areas of gas storage and separation, catalysis and sensor. The past decades witnessed 
the rapid development of HCPs, its massive preparation and the control of the 
structure of the HCPs, however, are still big challenges. In this thesis, two kinds of 
hyper-cross-linked polymers, including pitch-based HCPs and bismaleimide-based 
HCPs, were prepared via facile and effective approaches. Furthermore, the gas 
adsorption and separation ability were studied. The main contents are as follows: 
(1) We employed the previously ignored building blocks and prepared 
hyper-cross-linked polymers (HCPs) with high surface area via one-step 
Friedel-Crafts reaction. Every year petro- and coal-chemical industry produces 
massive pitch, mainly composing of phenols, polycyclic aromatic hydrocarbons and 
heterocyclic compounds. And CHCl3 was used as not only the solvent but also the 
crosslinker, which simplify the operation of the experiment. The as-prepared polymers 
were characterized by FT-IR, 
13
C NMR, PXRD, SEM, TEM and N2 
adsorption/desorption measurement. Depending on the place of origin, 
petroleum-pitch-based HCPs have a maximum BET surface area of 1337 m
2
 g
−1
 with 
good chemical and environmental stability. The inherent heteroatoms in the pitch 
(sulfur) and the introduced heteroatom (chlorine) endow the obtained HCPs excellent 
gas adsorption capability. The uptake capacity for CO2 reaches up to 17.74 wt % (1.0 
bar, 273 K) and the hydrogen storage is up to 1.83 wt % (1.13 bar, 77 K). In addition, 
the pitch-based HCPs also show high organic vapors capture capacity at room 
temperature (cyclohexane: 1115 mg g
−1
; ethyl acetate: 685 mg g
−1
; methanol: 1198 
mg g
−1
 and benzene: 890 mg g
−1
). 
(2) A new kind of hyper-cross-linked microporous polymer were prepared via 
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Friedel-Crafts acylation, which was not been adopted to synthesis polymers because 
carbonyl group would reduce the activity of the aromatic ring. In this thesis 
methylbenzene, naphthalene, coal tar, coal tar pitch and 1,3,5-triphenylbenzene were 
employed to react with triphosgene, and it was found that the carbonyl group has little 
influence on the activity of the large aromatic ring, such as coal tar, coal tar pitch and 
1,3,5-triphenylbenzene. The prepared HCPs were characterized by FT-IR, N2 
adsorption/desorption measurement, and the electrochemical performance of 
carbonized HCPs was measured by electrochemical workstation. The BET surface 
areas of the prepared HCPs is 1357 m
2
 g
-1
, and they possess good gas adsorption 
ability (CO2：15.86 wt%，273 K/1.0 bar；H2：1.57 wt%，77 K/1.13 bar). Besides, the 
oxgyen-doped carbon materials prepared by pyrolyzing the HCPs show a high 
specific capacitance (409 F/g at 1.0 A/g) and good cycling stability (99.3% 
capacitance retention after 10000 cycles), demonstrating the advantages of the porous 
structure and oxgyen-rich chemical composition of HCPs. 
(3) A novel type of hypercrosslinked organic microporous polymer (HOMP) has 
been successfully prepared based on the radical copolymerization of bismaleimides 
and divinyl benzene. In comparison with the HOMPs prepared with crosslinking 
techniques, the new radical strategy circumvents some intractable problems, such as 
low atom economy, structure irregularity and corrosive by-products. The obtained 
HOMPs have defined molecular structures due to the intrinsic alternating 
copolymerization properties of the two monomers. The HOMPs were characterized 
by FT-IR, 
13
C NMR, TGA, EA, SEM, TEM and N2 adsorption/desorption 
measurement A maximum BET surface area of 841 m
2
 g
-1
 and high gas capture 
capacity (CO2: 11.22 wt %, 273 K/1.0 bar; H2: 0.82 wt %, 77 K/1.13 bar) were 
achieved. The CO2/N2 selectivity of HOMPs is 51.02/1, surpassing the selectivity for 
many other porous polymers. In addition, the polymers also displayed good chemical 
and thermal stability, which is critical for the practical application.  
Key words: Hyper-cross-linked Polymers; Friedel-Crafts Reaction; Radical 
Polymerization
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